In this paper we report the synthesis and characterization of the (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one by means of FT-IR, 1 H and 13 C NMR and by single crystal X-ray diffraction. The experimental determination of the crystal structure of the compound has been achieved using X-ray diffraction data. The important characteristic of the structure is the existence of a dihedral angle formed by the benzene and thiazolidinone rings being equal to 86.0° indicating an absence of π-π stacking as well as that the structure is non planar. In the crystal, the molecules are linked by C-H···O and C-H···N hydrogen bonds, these bonds being responsible for the three-dimensional molecular structure packing. In order to compare the experimental results with those of the theoretical calculation, quantum chemical DFT calculations were carried out using B3LYP/6-311G(d,p) basis set. In this context, the molecular electrostatic potential around the molecule and HOMO-LUMO energy levels were also computed. The dipole moment orientations were determined in order to understand the nature of inter-and intramolecular charge transfer. Finally, the stability of the title compound was confirmed throughout the calculation of the chemical reactivity descriptors.
Introduction
Heterocyclic compounds are the major family of organic compounds; in medicinal chemistry thiazole derivatives are of great importance for their chemical and pharmacological properties, consequently thiazole derivatives have an extended range of pharmacological applications. Over the years, interesting biological activities were combined with thiazole derivatives. [1] [2] These materials are extremely necessary with wide range of synthetic, pharmaceutical and industrial applications and are famous for their biological activities. 3, 4 Recently, in drug development the application of thiazoles was required for the treatment of allergies, 5 hypertension, 6 inflammation, 7 schizophrenia, 8 bacterial 9 and HIV infections, 10 as hypnotics 11 and more recently for pain treatment, 12 as fibrinogen receptor antagonists with antithrombotic activity. 13 In addition, thiazolidinones and thiazoles present a very powerful activity as anti mycobacterium in tuberculosis. 14 In this context, we have tried to realize the synthesis of the title compound, to characterize and perform its structural analysis as well as the theoretical density functional theory (DFT) calculations. In this work we present the synthesis, single crystal structure, IR and NMR spectroscopic characterizations as well as DFT calculations of this new thiazole derivative compound, namely the (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imi-no)thiazolidine-4-one. Furthermore, theoretical vibrational frequencies and 1 H and 13 C NMR chemical shifts were calculated and compared to the experimental values. Additional parameters as molecular orbitals and chemical reactivity descriptors are evaluated in order to confirm the stability of the title compound. Finally, the molecular electrostatic potential was computed to determine electrophilic and nucleophilic regions of the title molecule.
Experimental

1. Synthesis and Crystallization
An equimolar solution of N-ethyl-3-N'-(3-methoxyphenyl)thiourea and ethyl bromoacetate in absolute ethanol in the presence of sodium acetate was refluxed for 6 h. The solvent was removed by vacuum distillation and the residue was isolated, washed with cold water, filtered, dried and crystallized from ethanol to yield (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidin-4-one as presented in the scheme 1. 
Spectral Data Measurements
Infrared (IR) spectrum of the molecule (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one was recorded in the range 500-4000cm -1 on a Nicolet FT-IR 6700 spectrometer using sample prepared as KBr pellets. 1 H NMR (500 MHz) and 13 C NMR (125 MHz) spectra of the molecule using CDCl 3 as the solvent were recorded on Bruker AC250 spectrometer at 298 K.
3. X-Ray Data Collection and Processing
A transparent-yellowish parallelepiped crystal was selected and separated from the mother liquor, immediately cooled to 130 K and mounted on a Bruker Kappa APEX 2 diffractometer, equipped with a Triumph monochromator using MoKa radiation. The crystal presented no decay during the data collection. The frames collected (running ϕ and ω scans) were integrated with the Bruker SAINT Software package, 15 using a narrow-frame algorithm. Data were corrected using the SADABS program. 16 The structure was solved by the SUPERFLIP package. 17 Crystals program package version 14.40 18 has been used for the refinement and all the rest subsequent calculations through full-matrix least-squares on F 2 . All non-hydrogen atoms have been refined anisotropically. Hydrogen atoms were found at their expected positions and refined using proper riding constraints to the pivot atoms. Molecular illustrations were made through the MoPro-viewer crystallographic program. 19 Crystallographic and experimental details are summarized in Table 1 . 
DFT Calculations
In this theoretical study, the hybrid functional B3LYP with the 6-311G (d, p) 20 basis set were used in all calculations by using the Gaussian 09 program, 21 the X-ray structure was used as starting geometry to optimize a molecular structure of the investigation compound. Vibrational frequencies were calculated and the Gauss-view molecular visualization program 22 and VEDA software 23 were used for the assignment. Additionally, 1 H and 13 C NMR chemical shifts were calculated using the same level of theory. The theoretical calculation also allowed us to compute the energy values of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). Furthermore, the molecular electrostatic
Results and Discussion
1. Structure Description
The molecular geometry of the title compound is defined by the presence of two fragments, methoxyphenyl and thiazolidine rings forming a dihedral angle of 86°. Detailed results containing atomic positions and thermal parameters are given in the CIF file. Selected bond lengths, bond and torsion angles for all atoms by X-ray diffraction and theoretical calculations are listed in Tables 2, 3 and 4, respectively. An ORTEPIII diagram 24 of the title compound showing the X-ray structure with thermal ellipsoids of the different atoms and the theoretical structure are given in Figure 1 . In our study we employed full geometry optimization for the molecule without symmetry constraint. The results of our calculations showed that S1-C5, S1-C1, C1-N1, N1-C2, N1-C4, C6-N2 and O 2-C8 bonds exhibit single bond characteristics, while C4-O2 (1.23 Å) and N2-C1 (1.26 Å) bonds show typical double bond characteristics. 25 The amine N2 atom exhibits a geometry that is typical for an sp 2 rather than an sp 3 atom hybridisation. In addition, the difference in the thiazole ring bonds between theoretical calculation and experimental values does not exceed 0.13 Å. Bond angles C6-N2-C1, C2-N1-C4 and C1-N1-C4 are also near 120° (119.56°, 121.08° and 116.72°, respectively). 26 The bond angles centered on C1 are all between 109° and 129°. The C1 atom is of sp 2 hybridization type because the total adds up to 360° at B3LYP/6-311G(d,p) level. The corresponding theoretical values of this angle is 64° (C7-C6-N2-C1). The C8-O2-C12 angle is 116.98°, and the C2-N1-C4-O1 fragment is approximately planar (Table 4) .
Generally, the observed difference between experimental and calculated geometrical parameters does not seem very large. 
Torsion angles X-ray B3LYP/6-311G(d,p)
C1-S1-C5-C4 3.6 2.4 C5-S1-C1-N1 -4.7 -2.4 C5-S1-C1-N2 174.5 176.7 C1-N1-C2-C3 -99.6 -86.2 C4-N1-C2-C3 77.9 92.2 C2-N1-C1-S1 -177.7 -179.7 C2-N1-C1-N2 3.1 1.1 C4-N1-C1-S1 4.7 1.8 C4-N1-C1-N2 -174.6 -177.3 C2-N1-C4-O1 -0.2 1.7 C2-N1-C4-C5 -179.5 -178.4 C1-N1-C4-O1 177.4 -179.9 C1-N1-C4-C5 -1.9 0.1 C1-N2-C6-C7 86.0 64.5 C1-N2-C6-C11 -100.2 -119.3 C6-N2-C1-S1 1.6 4.4 C6-N2-C1-N1 -179.2 -176.7 C12-O2-C8-C7 -170.8 179.8 C12-O2-C8-C9 10.9 -0.1 N2-C6-C7-C8 172.3 178.5 C11-C6-C7-C8 -1.5 0.6 N2-C6-C11-C10 -173.1 -179.4 C7-C6-C11-C10 0.6 -1.3 C6-C7-C8-O2 -177.2 -179.5 C6-C7-C8-C9 1.3 0.4 S1-C5-C4-O1 178.9 178.06 S1-C5-C4-N1 -1.8 -1.9 C11-C10-C9-C8 -0.8 -0.1 C9-C10-C11-C6 0.5 1.1 O2-C8-C9-C10 178.2 179.2 C7-C8-C9-C10 -0.1 -0.7
2. Hydrogen Bonding
Hydrogen bonds join chains of molecules to stabilize the crystal structure of the title compound. Along the b axis in the unit cell, the translation of equivalent molecules allows the linking of the almost linear hydrogen bonding. C-H···O and C-H···N intra-and intermolecular interactions are present in the crystal structure. The molecular conformation is in part influenced by the formation of two weak intramolecular C2-H22···O1 and C2-H21···N1 hydrogen bonds that enclose S(5) rings ( Figure 2 and Table 5 ).
These interactions are responsible for the stability of the molecular packing, as the C2, C3, C5, C12 and C7 carbon atoms act as donor groups and both oxygen and nitrogen atoms play the acceptor role. Hydrogen bond interactions are presented in Table 5 . Figure 2 shows all interaction types in the crystal. The molecular stacking that has been provided by the different existing hydrogen bonds in the Table 5 . Geometry of the C-H···O and C-H···N hydrogen bonds in (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one crystal by X-ray diffraction. crystal is shown in Figure 3 . This figure shows the existence of eight molecules in the unit cell which is in good agreement with the multiplicity of the space group C2/c.
3. Vibrational Frequencies Assignments
Using analytic second derivatives to validate the convergence to minima on the potential energy surface the fundamental frequencies of the studied molecule have been calculated to understand the nature of these modes of vibration IR absorption spectroscopy based on DFT calculation. A theoretical analysis has been realized using B3LY-P/6-311G(d,p) level of theory in gas phase. The probable assignments were performed by means of VEDA 4 program. 23 The vibrational frequencies obtained from B3LYP functional calculations have been scaled by a factor of 0.967. 27 Table 6 shows the calculated (unscaled and scaled) and experimental frequencies of the title compound. Simulated and experimental IR spectra of (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one are shown in Figure 4 . As can be seen in Figure 4 , the experimental fundamentals are in better agreement with the scaled fundamentals.
3. 1. Carbon-Hydrogen Vibrations
In the aromatic compounds, multiple weak bands are exhibited in the region of 3100-3000 cm -1 . 28 They appear in this range of like multiple weak bands due to the stretching vibrations of C−H. 29 In the present work, the carbon-hydrogen of aromatic ring (C−H) stretching (νCH modes) were found in a range of 3000 and 3100 cm -1 using the B3LYP/6-311G(d,p) calculations. These modes involve exact contribution of >91% suggesting that they are pure stretching modes. The C-H stretching of aromatic ring showed symmetric modes at 3001, 3070 and 3080 cm -1 while asymmetric stretching mode was observed at 2989 cm -1 .
3. 2. C=O and C=N Vibrations
Usually, the C=O stretching vibration mode can be easily observed as a strong band in the region 1850-1550 cm -1 . 30 The π-π bonding between carbon and oxygen is responsible for forming a double bond between the carbon and oxygen atoms. The electronic distribution in this link is not equal because these atoms have different electronegativities. The lone pair of electrons on oxygen is responsible for the polar nature of the carbonyl group. In the present study, the single C=O stretching vibration mode was observed as a high-intense peak in FT-IR at 1716 cm -1 while the calculated value shows at 1726 cm -1 with a PED (potential energy distribution) of 79%. The stretching frequency of the double bond C=N is perfectly observed at the high absorption 1640 cm -1 . DFT/B3LYP functional with 6-311G(d,p) basis set gives exactly the same value of 1640 cm -1 for the C=N vibration.
3. 3. Thiazolidine Ring Vibrations
The C-S stretching vibration presents average bands in the region 1020-1010 cm -1 . 31 In this paper C-S vibrations were observed at 704, 647 and 526 cm -1 . The examination of the theoretical results gives us the following values with their PED contribution: 720 (21%), 642 (10%), 522 (12%) and 482 (23%) respectively, which shows a good agreement between theoretical and experimental ones as shown in the Table 6 . C-N vibration is a difficult task to identify since the appearance of several bands is possible in the region, Gunasekaran et al. 32 have observed C-N stretching band at 1312 cm -1 , 33 and C-N assigned stretching vibration in the region 1350-1000 cm -1 for amines. In thiazolidine, C-N stretching band is found to be present at 1382 and 1307 cm -1 . The C-N stretching vibrations are expected to occur in the region 1200-1130 cm -1 . 34 In our present work of the title molecule FTIR bands were observed at 896 cm -1 and 1234 cm -1 , the theoretically calculated bands at 940, 1405, 1357, 1301, 1257, 1131 are shifted 
Table 6. Comparison of the calculated harmonic frequencies using B3LYP method 6-311G(d,p) basis set and experimental (FT-IR) wavenumbers (cm -1 ) for (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one.
No
Experi 
1 H and 13 C NMR Calculations
To calculate isotropic chemical shifts (δ) with respect to tetramethylsilane (TMS): δ x iso = σ TMS iso -σ x iso , 34 isotropic shielding values 184.2796 and 32.2899 ppm of σ TMS iso were used for C and H NMR spectra, respectively. It is known that the range of 13 C NMR chemical shifts for analogous organic molecules usually are >100 ppm. 35, 36 Methanol solvent has been used for chemical shift measurements. The atoms were labeled according to the numbering presented in Figure 1 (B) . Calculated and experimental values for 1 H and 13 C NMR are collected in Table 7 . In this research, aromatic carbons give signals in overlapped areas of the spectrum with chemical shift values from 106 to 170 ppm while experimental chemical shift values of aromatic carbon atoms are in the range 107 to 160 ppm as they would be expected (Table 7) . Carbon atoms (C1, C4 and C6) attached to the N atom have larger chemical shifts due to the more electronegative property of the N atom which polarizes the electron distribution in its binding to the atom adjacent carbon and reduces the value of the chemical shifts. Usually, the chemical shifts obtained and calculated for the 1 H atoms of the methyl groups are quite weak. The maximum chemical shift value for all the hydrogen atoms is 7.24 ppm.
5. Frontier Molecular Orbitals (FMOs)
The highest occupied molecular orbitals (HOMO) and the lowest unoccupied molecular orbitals (LUMO) are named as frontier molecular orbitals (FMO). The HOMO represents the ability to donate an electron, whereas LUMO as an electron acceptor represents the ability to obtain an electron. 37 The calculation of these parameters is very important because it allowed us to verify a lot of properties, such as the kinetic stability and chemical reactivity. Figure 5 shows the atomic orbital HOMO-LUMO plot of the frontier molecular orbitals computed at B3LYP/6-311G(d,p) level for the title compound. As shown in Figure 5 , in HOMO density, electrons are mainly located on the methoxyphenyl group. However, when an electron transition occurs, the electron enters into the LUMO, and then the electron will mainly be localized on thiazole ring and carboxylic group. The positive phase is red and the negative one is green coloured. The HOMO- 
7. Electrostatic Potential
In a crystal, the location of positive and negative charges allowed us to define very interesting physical properties such as the molecular electrostatic potential (MEP). 38 Nowadays, theoretical and experimental MEP surfaces are determined using quantum chemistry and X-ray diffraction. [39] [40] [41] [42] The MEP around the title molecule was calculated from the total density (TD) for the title compound, the two maps (TD and MEP) are represented in the Figure 6 . From the figure it can be seen that the negative MEP is related to the electronegativity and partial charges of oxygen atoms O1 and O2. The blue color in Figure 6B gives the maximum positive region as the preferred 
6. Chemical Reactivity
Global chemical reactivity descriptors (GCRD) parameters are a good indication to highlight the relationship between chemical reactivity and strength of structure. As are mentioned in literature, GCRD parameters can be obtained by using the following equations: _______________ ______The electron affinity (A) and ionization potential (I) can be evaluated as and . The calculated values of GCRD parameters for the title molecule are summarized in Table 8 .
The chemical hardness (η) value is 2.636 eV indicating that the charge transfer occurs within the molecule. From Table 8 , the electrophilic behaviour of the molecule is confirmed by the global electrophilicity index (ω) which has a greater value of 2.361 eV. On the other hand, the chemical stability of the title molecule is explained by the chemical potential (μ) value which is −3.528 eV. site for nucleophilic attack. In terms of color, the MEP plot lies in the fact that it simultaneously displays molecular size, shape as well as positive, negative and neutral electrostatic potential regions ( Figure 6 ). The MEP indicate well the relationship between the molecular structure and these physico-chemical properties. [43] [44] [45] [46] [47] Among them, the molecular dipole moment can be calculated. The orientation of the molecular dipole moment for the title compound is represented in Figure 7 . This orientation confirms the electrostatic distribution previously defined. The calculated dipole moment value is 2.24 D.
Conclusion
In this study, (Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one was synthesized and characterized by IR, 1 H and 13 C NMR and X-ray single-crystal diffraction techniques. The crystal structure determination shows that the title compound crystallizes in monoclinic system with space group C2/c. Theoretical calculations of the molecular structures, wavenumbers and NMR spectra of the title compound have been carried out using DFT-B3LYP/6-311G(d,p). As result, the experimental and the optimized crystal structures of the title compound were slightly different. Most of the experimental bond lengths and bond angles are slightly larger than the optimized values. These differences are due to that the theoretical calculations are performed for isolated molecule in gaseous phase and the experimental results are for a molecule in the crystalline environment. The geometry of the solid-state structure is subject to intermolecular forces, such as Van der Waals interactions and crystal packing contacts. Comparison between the chemical shifts and the experimental data shows a very good agreement for both 1 H and 13 C NMR shift values. The HOMO-LUMO gap and chemical reactivity descriptors indicate that the compound is more stable. The general conclusion from the estimation of the dipolar moment (2.24 D) and the electrostatic potential of ((Z)-3-N-(ethyl)-2-N'-((3-methoxyphenyl)imino)thiazolidine-4-one molecule is that the region of the thiazolidinone group is electronegative and the methyl and hydrogen atoms connected to the benzene ring are electropositive.
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